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Abstract 
During the EU FP7-Solugas project the feasibility of the solar hybrid technology with a pressurized air receiver and a gas turbine 
was demonstrated. Over the last years the coupling of solar heat to air-Brayton cycles has been identified as a way to accelerate 
the CSP market penetration competing directly with conventional combined cycle plants. The path to the commercialization of 
this hybrid CSP product goes through the scaling of the solarized gas turbine capacity and the increase of the receiver outlet 
temperature.  
 
The Soltrec project focuses on the development, manufacturing and testing of a volumetric receiver, capable to raise the 
maximum temperature of the compressed air up to 1000ºC. The concept of volumetric air receivers is the most promising option 
for getting high efficiencies at these temperature levels, with solar shares of up to 80% at design point operation. Transforming 
solar radiation into hot pressurized air at these temperatures levels leads to thermal and mechanical stresses  that requires an 
innovate receiver design and the application of new heat resistant materials.  
 
With the objective of significantly increasing the solar share and lower the costs and environmental impact of the hybrid plants 
the pilot Soltrec air receiver has been commissioned at the Abengoa Solar R&D facilities at Sanlúcar la Mayor (Seville, Spain).   
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1. Introduction 
A complete solar-hybrid gas turbine demonstration system, heliostat field and tower were built in the preceding 
FP7 European project Solugas [1,2]. Solugas receiver consists of a number of nickel based alloy absorber tubes that 
allow air temperature increase from 350°C to maximum 800°C. Since Solugas prototype commissioning, Abengoa 
Solar gained operation know-how, experiencing directly the solar Brayton technologies advantages and challenges, 
as well as the complexity of starting-up and operating a large research plant. The special attractiveness of the 
Solugas project, apart from the development of the key components solar receiver and modified gas turbine, lies in 
the complexity of a successful integration of these together with all further components into a new solar tower power 
plant [3]. 
 
The Soltrec project [4] consists in the demonstration of the pressurized volumetric air receiver technology that 
allows the introduction of solar high temperature heat directly into a gas turbine, reaching operation temperatures of 
up to 1000°C. One receiver module is capable of increasing the temperature around 250°C. Therefore, in order to 
demonstrate the performance and cost reduction potential of solar driven combined cycle plants, the prototype 
receiver module is integrated into the pre-commercial Solugas demonstration plant in series with the tubular one, 
increasing the temperature from 750°C to 1000°C.  
 
This paper describes in a short overview the develop of the project, starting with a description of the consortium, 
the receiver design, the manufacturing of the different components, the integration of the receiver with the rest of the 
system, as well as the experience gained and the expectations with the technology. 
2. Consortium partners 
Soltrec started in 2010 under the framework of the Eureka Programme with the support of the Spanish CDTI and 
the German BMU. The partners, Deutsches Zentrum für Luft- und Raumfahrt e.V. (DLR) and Heraeus Quartzglas 
GmbH &Co.KG are responsible for the receiver size optimization, the development of the secondary concentrator 
and the quartz window. Abengoa Solar New Technologies S.A. is responsible for the design, manufacturing, 
integration and testing of the receiver.  
Previous steps with the volumetric receiver technology have been done a.o. in the Refos [5] and Solgate [6] 
projects. The objective of the Soltrec project is to promote the technology to a commercial status, thanks to the 
common efforts by the experienced consortium.  
3. Receiver design  
The Soltrec technology is modular and therefore one receiver module can represent the exact commercial design. 
One of the challenges of the technology comes from the usage of a large quartz window cupola in a pressurized 
vessel and the extremely high temperatures that are achieved, making it necessary to use an inner insulation and 
ceramic absorber, made from SiSiC, as the thermal energy transfer component. 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Soltrec receiver scheme 
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3.1. Conceptual design 
The first step of the project was to determine optimal size. This was mainly driven by the conceptual design, 
simulations to achieve the overall specific costs for different receiver module sizes and the maximum industrial 
manufacturing scale for quartz windows. Also, a variety of criteria such as manufacturing limitations and handling 
during assembly and maintenance of a modular receiver were taken into consideration. 
 
The Soltrec receiver version with an 816 mm window and insulation thickness of 100 mm was decided to use as 
database. The 816 mm quartz window has been designed based on the knowledge acquired in previous projects 
(Solgate, Refos) and by taking into account the bigger diameter and thermal power into the receiver. In a previous 
state of the project, the quartz window diameter reached a maximum diameter of 600 mm. The Soltrec optimization 
led to a diameter of 816 mm. Thanks to this apparently small increase in diameter, the complexity of the receiver 
increased significantly but the thermal power per module was also increased by a factor of 3, reaching up to 1.4 
MWth in one module. As the handling and design got more complex a full redesign of all components became 
necessary. 
 
Table 1: Values and dimensions of the commercial receiver module 
 Outlet temperature Thermal power Receiver diameter  
 1000°C 1,47 MWth 1500 mm  
 
 
The secondary concentrator designed for this commercial receiver module has a hexagonal entrance aperture and 
an octadecagonal exit aperture, with better optical qualities due to the nearly circular exit aperture, an adequate 
transition from the entrance aperture geometry to the outlet geometry and due to parabolically bent mirror segments.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Secondary concentrator used in Soltrec with octadecagonal exit aperture of 816 mm 
3.2. Thermal design 
Once the dimension study about the receiver aperture sizes according to cost efficiency with the available 
Solugas heliostat field was realized, the optimization of the thermal absorber was carried out. The power absorbed 
with adequate receiver parameters was calculated at the design point, with the secondary concentrator and the 
Solugas field [7]. 
 
Searching for the optimal absorber geometry for the Soltrec receiver required a number of iterations. By proper 
selection of the geometry and structure of the absorber the receiver can be adapted to the secondary concentrator. In 
order to achieve sufficient shelf life of the absorber is a priority that hot spots are avoided. 
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As constraints, the maximum temperature of the main absorber should be less than 1200°C, the temperature of 
the inlet absorber should be less than 900°C and the temperature of the window needs to be 800°C or less if 
possible. The cristobalite formation in the quartz window under operating conditions above 900°C is a critical point 
which can produce a window failure due to changes in window properties. 
 
Previous studies show that in addition to the chemical degradation, an important factor in the selection of the 
absorbent matrix is the thermal shock resistance [7]. Different peaks in the distribution of flux density on the 
absorber surface results in peak temperatures which limits operation and can cause a receiver failure. 
 
The behavior of the optimum receiver and ceramic absorber has been simulated with ANSYS Fluent software. 
The results show a receiver with a good heat flux and air velocity distribution, thanks to the optimization of the mass 
flow regulation behind the ceramic foams. 
 
 
       
Fig. 3: Heat flux and air velocity simulations inside the receiver 
 
Since the optimum receiver design depends on technical limitations as well as economic constraints, a strong and 
good cooperation between the project partners has been essential to achieve an optimum result. 
3.3. Mechanical design 
The pressure vessel was designed from the European Directive 97/23/CE Pressure Equipment which includes 
materials, sizes, manufacturing processes, welding and NDT specifications. A strong simulation process using 3D 
thermo-mechanical FE model considering thermal loads, pressure and forces was required. Key aspects included 
material definition, dimensions, and wall thicknesses. The simulation demonstrates the design approach to keep the 
overall stresses as low as possible and increase the lifetime expectation. 
 
The optimization of the insulation thickness was carried out with the use of thermal and mechanical simulations. 
Inside the pressure vessel, there is a limitation for the inner insulation thickness. The insulation must have the least 
possible thickness, maintaining the temperature of the metal around 100°C while temperatures are obtained up to 
1000°C. Also, the requirements for the insulation include the capability to endure pressure shocks, due to turbine 
start-up and shut-down, and to avoid insulation material contact with water from air condensation. 
 
The final design of the receiver has been complicated, due to the necessity to integrate all the different 
components in the best way. 
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Fig. 4: Receiver design and its integration 
4. Receiver manufacturing 
4.1. Quartz window 
Heraeus was the responsible of the manufacturing of three quartz windows samples as project partner. Several 
manufacturing rounds were necessary in order to achieve a good quality, with very acceptable tolerances and high 
quality transmission surface. 
 
One of the most important milestones has been achieved: obtaining certification of the manufacturing process of 
the quartz window. Thus, the quartz window meets the criteria of a component for use in pressure equipment 
according to European Directive 97/23/CE Pressure Equipment, so that it is possible the mass production of this 
component for commercial purposes. 
4.2. Porous absorber 
Porous absorber was made by SiSiC ceramic foams, selected because of its high thermal shock resistances and 
low chemical degradation, as well as its good radiation absorbance. This is the key component of the volumetric 
receiver, also one of the most delicate. 
 
 
          Fig. 5: Certified quartz window (courtesy of Heraeus)                                      Fig. 6: Porous ceramic absorber assembled 
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4.3. Pressure vessel 
Pressure vessel manufacturing was complicated because of the special requirements of the 316Ti stainless steel 
material selected and the difficulties of welding. The material used for the inner insulation was a very low 
conductivity microporous, with a special design that endure temperature above 1000°C and 10 bar pressure while 
avoiding water contact. The receiver has obtained the certificate for Pressure Equipment according to European 
Directive 97/23/CE. 
 
                                        
                                          Fig. 7: Pressure vessel                                                                       Fig. 8: Inner insulation assembled 
4.4. Secondary concentrator 
DLR was dedicated to the development and manufacturing of the secondary concentrator. Once the 
manufacturing process was developed, and mirror and adhesive tests were carried out successfully, the secondary 
concentrator could be manufactured and assembled. Difficulties were given due to the proper application of 
adhesive between mirror and background. Poor quality in this application may cause breakage in the mirrors from 
overheating. 
 
Fig. 9: Secondary concentrator manufacturing (courtesy of DLR) 
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5. System integration 
Studies for the integration of one Soltrec prototype module into the existing Solugas plant have been carried out. 
Thanks to that, the volumetric receiver inlet is fed by the compressed air outlet temperature of the already installed 
Solugas tubular receiver. Stress analysis and life time predictions formed part of the design process. 
 
Special attention must be paid to the window flange and the secondary concentrator, where the cooling is 
essential. The operation of this receiver is more complicated than the tubular one, so the security of the plant is the 
most important task. For this reason, all the failure possibilities have been taking into account, and the structure 
design was optimized after simulations of the behavior of the receiver in the worst cases. Plant start-up procedures 
are essential to ensure a good operation of the plant at the same time that takes into account the security. To mitigate 
the possible overpressure produced by a window failure, shock absorbers and piping compensators have been 
designed and manufactured. 
 
A critical challenge carried out was the lift up and assembly of the receiver with the rest of the structure and 
piping. The system is equipped with more than 500 sensors that ensure operation, controlling and evaluation of the 
system. A mass flow measurement device and a number of thermocouples inside the receiver, inlet and outlet for 
temperature measurement are installed. Other activities with particular importance for a good operation of the plant 
have been the cooling system, control system, electrical wiring, software programming and pressure tests. 
 
 
Fig. 10: Lift up and assembly of the receiver 
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6. Commissioning and first tests 
The commissioning of the Soltrec receiver, cooling system, control system and solar field configuration has been 
carried out successfully. The system has completed the startup and checking of the M50 turbine in the new 
configuration with the Solugas and Soltrec receivers in series, as well as the preheating of the Soltrec receiver with 
air from Solugas receiver to 700ºC and 8 bar.  The complete system is now under solar operation, increasing the 
temperature step by step. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Receiver ready for operation 
7. Expectations and conclusions 
The manufacturing and integration of the receiver was carried out since end of 2013, the system under 
commissioning phase is performing the first tests using part of the Solugas solar field. Evaluation of the tests will 
demonstrate the performance and cost reduction potential of the Soltrec pressurized air receiver. Thanks to this 
project, it has made a breakthrough in understanding the problems associated with the design, manufacture and 
assembly of high technology volumetric receiver as well as a huge innovation in components for high temperatures 
and pressures. All these innovations will be applied to solar technology that Abengoa Solar develops in their plants. 
Along with the changes and improvements during operation and evaluation of the prototype, it will be possible to 
introduce volumetric receivers in the solar market, allowing a reduction in energy costs. 
 
 
Acknowledgements 
 
Abengoa Solar New Technologies would like to thank Deutsches Zentrum für Luft-und Raumfahrt (DLR) and 
Heraeus Quartzglas GmbH &Co.KG for their cooperation in the consortium, without which it would not have been 
possible to carry out the project. 
 
Abengoa Solar New Technologies also would like to thank CDTI for its commitment and support of the project 
with grant ID-20110268 within Eureka Program. 
 
 
 
 
368   A. del Río et al. /  Energy Procedia  69 ( 2015 )  360 – 368 
References 
[1] Solugas: www.solugas.eu 
[2] Korzynietz R, Quero M, Uhlig R. Solugas – Future Solar Hybrid Technology. SolarPACES 2012. 
[3] Quero M, Korzynietz R, Ebert M, Jiménez AA, del Río A, Brioso JA. Solugas – Operation experience of the first solar hybrid gas turbine  
      system at MW scale. Proceedings of the SolarPACES 2013 International Conference. Energy Procedia; 2014, Volume 49, p. 1820-1830. 
[4] Soltrec: http://www.eurekanetwork.org/project/-/id/5414 
[5] Refos Final Technical Report. Contract Number: 0329695A. April 2003. 
[6] Solgate Final Technical Report. Contract Number: ENK5-CT-2000-00333. 6th February 2004. 
[7] R. Buck. Massenstrom-Instabilitäten bei volumetrischen Receiver-Reaktoren. PhD thesis, Universität Stuttgart, 2000. 
